Capillary electrophoretic methods have been developed for the analysis of Monascus yellow pigments for food additives. Monascus yellow pigments were successfully separated by micellar electrokinetic chromatography (MEKC) with a 20 mM sodium dodecyl sulfate (SDS) solution containing 50 mM phosphate buffer, pH 7.0, and 20% acetonitorile or a 2.0% butyl acrylate/butyl methacrylate/methacrylic acid copolymer sodium salts (BBMA) solution containing 20 mM ammonium formate buffer, pH 7.0, and 10% methanol. The xanthomonasin A was identified with the molecular mass measured by FABMS. Monascus yellow pigments were extracted from candies with solid phase extraction and analyzed by the developed technique.
The fungi Monascus is a source of a natural colorant which has been used as anka (red rice) and red rice wine in China, Indonesia, Taiwan and some other oriental countries for hundreds of years. The Monascus pigments are composed of red, yellow and purple pigments. The fungi Monascus produces six major free pigments: rubropunctatin, monascorubrin, rubropunctamine, monascorubramine, monascin and ankaflavin and also complexed pigments. 12 The free pigments are insoluble in water. However, their complexation with proteins and peptides in the culture medium makes them soluble in aqueous media. According to a recent toxicological study, the Monascus pigments were shown to be nontoxic to rats and mice.3 Then, the red natural coloring material which is produced from Monascus species has been used as a food additive in Japan. Recently, the mutant strain of Monascus was found to produce novel yellow pigments designated as xanthomonasin A and B4, as shown in Fig. 1 . The yellow pigments were also used as a food additive in Japan. The Monascus yellow pigments are mainly used in colored candies because of their water solubility. In recent years, natural food pigments have drawn renewed attention from the viewpoint of safety. Therefore, analysis of natural food pigments is important and is required for regulation enforcement. However, analysis of the pigments extracted from foods are very difficult because of their extremely low concentrations.
Capillary electrophoresis (CE) is a relatively new separation technique introduced in late 1980; it has high separation efficiency and requires only a small amount of sample. Micellar electrokinetic chromatography (MEKC), first reported by Terabe et al. in 19845 , is a new type of separation method based on micellar solubilization employing the instrumental technique of capillary zone electrophoresis (CZE).6 In MEKC, neutral analytes can be separated by the difference in their partitioning into micelles. Although there are a few reports on the analysis of natural food pigments by high-performance liquid chromatography (HPLC)'-9, to our best knowledge, there is no analytical report by using CE, except for that by us.10 This paper describes the extraction of Monascus pigments from candies and their analysis by MEKC. 
Experimental
Materials and reagents Commercial Monascus yellow pigments for food examined in this work are those produced by Yaegaki Bio-industry, Inc. (Himeji, Japan).11 Sodium dodecyl sulfate (SDS) from Nacalai Tesque (Kyoto, Japan) and butyl acrylate/butyl methacrylate/methacrylic acid copolymer sodium salts (BBMA) from Daiichi Kogyo Seiyaku (Kyoto, Japan) were used as anionic micellar pseudo-stationary phases in MEKC. All other chemicals and solvents were of analytical reagent grade, supplied by Wako (Osaka, Japan). Pure water was prepared by purifying distilled water with a Milli-Q SP system (Millipore, Bedford, MA, USA) just before use.
Apparatus
MEKC using UV-VIS detection was performed with a BioFocus 3000 CE system (Bio-Rad, Richmond, California, USA) with a prepacked cartridge of an uncoated fused silica capillary of 50 µm i.d. and a total length of 50 cm (46 cm to the detector). HPLC separation and purification were performed by a Beckman GOLD HPLC system with a programmable solvent module 125 and programmable detector module 166 (Fullerton, California, USA) using an L-column ODS packed column (4.6 mm i.d. and length of 150 mm, Kagakuhin Kensa Kyokai, Tokyo, Japan). Mass spectra were measured with a JMS-DX303 mass spectrometer (JEOL, Tokyo, Japan) equipped with a fast atom bombardment (FAB) ionization device. Both negative and positive ions were measured. 3-Nitrobenzyl alcohol was employed as a matrix of FAB ionization.
HPLC separation
Gradient elution was performed with distilled water containing 0.05% trifluoroacetic acid (TFA) at pH 2.5 (sol.A) and with 100% acetonitrile, containing 0.05% TFA (sol.B). The linear-gradient program from 30% to 60% of sol.B in 30 min was employed at a flow rate of 1.0 ml/ min. The wavelength of detector was set at 460 nm. The column temperature was thermostated at 40° C. Eluants from the HPLC column were collected when the relevant zones were eluted, evaporated at 40° C, and the residues were used as standard pigments for the CE analysis.
Extraction of pigments from foods
Monascus yellow pigments were extracted with a solid phase extraction method from candies. Candies were dissolved in warm distilled water (75° C). A solid phase extraction cartridge (Bond Elut, 500 mg/ 6 ml, Varian, Harbor, CA, USA) was pre-conditioned with 10 ml of methanol and then with 20 ml of distilled water prior to use. A 10 ml sample solution was applied to the cartridge and the cartridge was washed with a 20 ml of distilled water. Monascus yellow pigments were eluted with 5 ml of methanol. Eluants were evaporated to ANALYTICAL SCIENCES AUGUST 1997, VOL. 13
dryness at 35° C. The residue was dissolved in water and subjected to the CE analysis.
Micellar electrokinetic chromatography (MEKC)
A 20 mM SDS solution in 50 mM phosphate buffer (pH 7.0) containing 20% acetonitrile and a 2.0% BBMA (butyl acrylate/butyl methacrylate/methacrylic acid copolymer sodium salts)12 in 20 mM ammonium formate buffer (pH 7.0) containing 10% methanol were used for MEKC. A potential of 15 kV was applied; detection was performed by measuring the absorbance at 460 nm. Capillary temperature was 20° C. Monascus yellow pigments were dissolved in distilled water, and yellow solution was passed through a disposable hydrophilic membrane filter unit (0.45 sm pore size, Advantec Toyo, Tokyo, Japan) prior to use. The samples were injected at 350 mbar pressure for 1.0 s. Each capillary was rinsed with a 1.0 M NaOH solution for 120 s and with distilled water for 120 s before each run.
MEKC ESI MS conditions
The MS spectrometer system consisted of a modified Hitachi M-1000 LC-APCI-MS system (Tokyo, Japan), which was constructed from a quadrupole mass spectrometer and a differental pumping region. On-line MEKC-ESI-MS work was performed with a system previously described using BBMA solutions in 20 mM ammonium formate buffer (pH 7.0) containing 10% methanol. Samples were injected by the hydrostatic injection method (20 s at 15 cm). The MEKC applied voltage was 10 kV (13 kV at the capillary inlet and 3 kV at the end of the capillary located in the ESI interface). The sheath liquid was water/methanol/formic acid (50 : 50 :1) and was delivered by a Hitachi L6300 HPLC pump at a flow rate of 5.0 µl/min. 13 The MS spectrometer system was operated in the negative ion mode. Results and Discussion MEKC analysis MEKC with SDS solutions in a phosphate buffer containing 20% acetonitrile was successful for the separation of Monascus yellow pigments as shown in Fig. 2 . A 2.0% BBMA solution in 20 mM ammonium formate (pH 7.0) containing 10% methanol gave also successful resolution of the yellow pigments as shown in Fig. 3 , although the migration times were shorter. The highest two peaks are probably the main components shown in Fig. 1, xanthomonasin A and B , which are the principal ingredients of Monascus yellow pigments. The highest peak in either electropherogram was identified as xanthomonasin A and the second highest peak as xanthomonasin B, as described later. UV absorbance spectra of xanthomonasin A and B were recorded with the on-line detector under the condition given in Fig. 2 . Both spectra were identical and very close to that of the original Monascus yellow pigments as shown in Fig. 4 . was identical between HPLC and MEKC. Standard curves obtained with the two components from 5 to 200 µg ml-1 showed straight lines (xanthomonasin A; r=0.998: xanthomonasin B; r=0.999). The detection limit of each compound was 0.1 µg ml-1.
Mass spectrometric analysis
Mass spectra of the most abundant component of the Monascus yellow pigments isolated by HPLC were measured in both positive and negative ion modes by FABMS. The molecular mass of the principal component was determined to be 388 from m/z 389 peak for M+1 in positive ion mode and m/z 387 peak for M-1 in negative ion mode (Fig. 6 ). The strongest peak of m/z 433 is probably due to disodium salt. The molecular mass strongly suggests that the principal component of the yellow pigments is xanthomonasin A as suggested in earlier report. 4 The Monascus yellow pigments were also analyzed by on-line MEKC-ESI-MS using BBMA as a pseudostationary phase. The mass spectrometer employed in this study was operated in the negative ions mode. Figure 7 shows the single ion chromatograms obtained by on-line MEKC-ESI-MS at m/z 437 and 465. The migration times in Fig. 7 were longer than the corresponding times in Fig. 3 , because of a longer effective length and low voltage. The molecular mass of the xanthomonasin A, the first migrating peak, was estimated to be 388 from m/z 437 peak of MEKC-ESI-MS, and xanthomonasin B, the second migrating peak, was estimated to be 416 from m/z 465 peak of MEKC-ESI-MS ( Fig. 7) , because m/z 437 peak of xanthomonasin A and m/z 465 peak of xanthomonasin B were probably due to the addition of methanol (32) and water (18) ions.
Analysis of the pigments extracted from food
Monascus yellow pigments are used for coloration of sweet candies owing to their bitterness. Pigments were extracted from candies as described in experimental section. A recovery of the pigments by the solid phase extraction was found to be 85%, from a decrease in absorbance using the original Monascus yellow pigments. An electropherogram of the pigments extracted 574 ANALYTICAL SCIENCES AUGUST 1997, VOL. 13 MEKC-ESI-MS conditions: capillary, 50 µm i.d. and a total length 50 cm; running solution, 2.0% BBMA in 20 mM ammonium formate buffer (pH 7.0) containing 10% methanol; applied voltage, 13 kV; electrospray voltage, 3 kV; sheath liquid, water-methanol- Table 2 Analytical results of yellow pigments extracted from foods
Conditions are the same as in Fig. 2 .
from candies was similar to that of the original Monascus yellow pigments (Fig. 2) . The relative standard deviation (RSD) of migration times was less than 1.0% and that of quantitation was less than 2.5% ( 
